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(64) Monoclonal antibodies to 
human leucocyte interferons 



(57) There is described a collection of 
monoclonal antibodies the members 
of which being directed against 
human leucocyte Interferon (HLI) 
which is natural or obtained by 
recombinant DNA technology. The 
monoclonal antibodies are preferably 
secreted by different hybridornas. It 
has been shown that Individual 
monoclonal antibodies are not 



mutually inhibiting, U. bind together 
to HLI while others are mutually 
Inhibiting, i.e. do not bind together to 
HLI. It has been shown furthermore 
that the collection consists of groups 
of antibodies, members of which 
recognl26 different epitopes (antigenic 
determinants) fo HU. Each a member 
of the different groups of antibodies 
can be used for a solid phase- 
sandwich test for HU. In addition an 
antTbody of the collection can be used 
for the purification of HLI by affinity 
chromatography. 
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SPECIFICATION 
Antibodies to proteins 

The present Invention is concerned with antibodies against proteins, namely against human 
leucocyte interferon (HLI) which Is natural or obtained by recombinant DMA technology. 
5 HLI is possibly a valuable therapeutic for the treatment of neoplastic and viral illnesses. The 5 
evaluation of this substance and Its possible development to a widely-used medicament Is restricted by 
the difficulty of purifying and of characterizing the active substance In the requisite manner. A test 
which could be carried out in less than 24 hours would be a valuable aid for the desired purification and 
the requisite characterization of HLI. 
1 0 In the scope of the present Invention it has now been found that for the purification and 1 0 

determination of HU in an excellent manner there is suitable a collection of monoclonal antibodies 
which are directed against leucocyte Interferon which is natural or obtained by recombinant DNA 
technology. 

The present invention Is accordingly concerned with a collection of monoclonal antibodies, which 
1 5 is characterized in that Its members are directed against human leucocyte interferon (HLI) which is 1 5 
natural or obtained by recombinant DNA technology. The word collection denotes in this connection the 
entirety of antibodies as well as the Individual members* 

According to a particular aspect of the present Invention, the monoclonal antibodies are secreted 
by different hybridomas. 

20 In the scope of the present invention ft has been shown that individual monoclonal antibodies are 20 
not mutually inhibiting, l.e. bind together to HLI, while others are mutually Inhibiting, Le. do not 
simultaneously bind to HLI. Furthermore, It has been shown that the collection consists of groups of 
monoclonal antibodies, members of which recognize different epitopes (antigenic determinants) of HU. 
One characteristic of the collection of monoclonal antibodies in accordance with the present 

25 invention consists in that at least one antibody does not recognize HUy^ 25 
In the scope of the present invention It has further been shown that the previously mentioned 
collection consists of a group of antibodies, which differ from one another In their I so types. 8 antibodies s 
show IgG structure, whereas one shows IgM structure. Of the 8 antibodies with IgG structure, 7 have a ' 
y. heavy chain and one has a y, h heavy chain. 

30 A further feature of the collection of monoclonal antibodies In accordance with the present 30 
invention consists in that one antibody (IgM) does not neutralize the antiviral activity of human 
leucocyte interferon. 

As already mentioned, the collection of these monoclonal antibodies inter alia is characterized in 
that It consists of groups of antibodies, members of which recognize different epitopes of HLL A further 

35 aspect of the present invention is accordingly concerned with the use of in each case one member of 35 
this group of antibodies for a solid phase-sandwich test for HU. In the case of the previously mentioned 
sandwich test, an antibody is provided with a suitable label. For this there comes Into consideration any 
label which is suitable for this purpose, but a radioactive or an enzyme label Is preferred. 

A further aspect of this present Invention Is concerned with the use of an antibody from the above- 

40 mentioned collection for the purification of HU. The purification of HLI by means of the monocional 40 
antibody Is preferably effected by affinity chromatography. For the purification In a commercial scale the 
affinity should be high enough so that thB interferon is practically quantitatively retained also with great 
volumes which pass the column with a not too low speed. With a single antibody this is not possible for 
all sub-classes of interferon. For this purpose a collection of monocional antibodies which individual 

45 members show a high affinity for particular sub-classes of interferon is especially suitable. 45 
The preparation of the monoclonal antibodies Is effected according to cell fusion technology 
known per se, in which the myeloma cells are fused with spleen cells of mice, which have bean 
immunized with HU. The hybrtdomas obtained secrete monoclonal antibodies against leucocyte 
interferon which Is natural or obtained by recombinant DNA technology. 

50 The carrying out of the solid phase-sandwich test for the determination of HLI can be effected 50 
accorolng to methods known per se, but a substantial simplification can be met with, in contrast to the 
known solid phase-sandwich procedure, by incubating unlabeled and labelled antibodies from the 
beginning together and only once. 

The purification of HU by means of a monoclonal antibody can be effected according to methods 

55 known perse, whereby the affinity chromatography has been found to be particularly suitable, in this 55 
affinity chromatography Affl-Gel 1 0 (BIoRad Laboratories, Richmond, California) Is preferably used as 
the carrier. 

It has surprisingly been shown that, according to the solid phase-sandwich procedure in 
accordance with the present Invention, human leucocyte interferon is detectable up to a concentration 
60 of2U/ml In serum. 60 

On the other hand, it has been shown that human leucocyte interferon obtained by recombinant 
DNA technology can be purified with a monoclonal antibody in accordance with the present invention in 
a simple manner such that it is usable for clinical trials. 

The following Examples illustrate the invention. 
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EXAMPLE 1 

Manufacture of the mono clonal antibodies 
A) Interferon preparation 

Partially purified human leucocyte Interferon (IFU was available In sufficient amount for the 
5 immunization of the mice. 5 FFL preparations are used: 5 

a) IFL y{a) main peak: of the fraction In accordance with step 8 of Table 3 of DOS No. 29 47 1 34 
with an approximate purity of 1 0 — 1 5% isstimated by sodium dodecyi sulpha te-polyacryiarnide gel 
electrophoresis) and specific activity In the anth/tral test; 

bHFLa; c)lFL0; d} IFL y: andeHFL*. 

D 0 The IFL a % and y fractions consist in each case of mixtures of the Individual (or,, a J, (£ r fi v /3 3 ) %q 

and [y v y v y 3 , y v species. These are shoulder fractions of the corresponding purified species, which 
are pooled from different preparations (see step 9 of Table 3 of the previously mentioned DOS). The IFL 
S fraction is the shoulder of the 5-specfes. Besides the species a, 0 and y on the Lichosorb-dloi column 
(see step 8 of Table 3 of the previously mentioned DOS) there Is occasionally seen a ^-fraction. This is 

H 5* purified as in step 9 In accordance with Table 3 of the previously mentioned DOS, whereby It Is evident 1 5 
that the specie 9 3 shows no sub-species and Is uniform. The purity of b), c) and d) Is between 20 and 
40% in accordance with specific biological activity and In accordance with sodium dodecyi sulphate- 
polyacryt amide gel electrophoresis. The purity of e) Is at most 556. 



Determination of Interferon activity 
20 Hie Interferon activity is determined by means of the "cytopathloetTBct-inhibitjon" (CPE) test in 20 
accordance with U.S. Patent Specification No. 4 241 1 74 (Serial No. 953*256)- 



B) Immunization of the mice 

3 eight weeks old Baib c/J female mice are firstly Immunized with iFL p(a) in Freund's complete 
adjuvant. Each mouse receives approximately 1 50 fig total protein containing 20—25 of interferon 

25 in 0.25 ml at 5 different positions (0.05 ml in each position) : subcutaneously in the left and right Iliac 25 
region and in the left and right auxiliary region as well as an intraperitoneal injection. 

53 days later a second immunization is carried out as follows: interferon IFL y{a) Is separated by 
preparative sodium dodecyi suiphate-polyacrylamlde (1 5%) gel electrophoresis in three 0.6 x 1 1 cm 
cylindrical gels. Approximately 300 fig tonal protein in 0.3 ml (dlalyzed against assay buffer) containing 

30 approximately 40 — 50 fig of Interferon are loaded per gel. [This purification Is effected essentially 30 
acconfing to the method of LaemmIL UJC (1 970) Nature 227, 680 — 685]. After the electrophoresis, 
the gels are sliced Into 2 mm thick discs. These are immersed for 1 0 minutes in 0.5 ml of phosphate- 
buffered sodium chloride solution (0.01 M potassium phosphate butter, pH 73; 0.1 4 M sodium chloride} 
containing 0. 1 % Triton X — 1 00 in propylene test tubes. The buffer is investigated for interferon activity 

35 in serial dilution according to the CPE Inhibition test The discs 6 and 7 (numbaredfrom the iower end of 35 
each gel) show the highest Interferon activity (In each case approximately 25% of the activity of the 
total gel). In each case one disc with highest activity is finely sliced with a razor blade on a glass prate, 
transferred into a 1 ml syringe containing 0.2 mi of 0.1 5 M sodium chloride and injected Into each 
mouse. The gel suspension is injected intraperitoneal!^ whereupon Q.2 ml of BCG (Bacillus Calmette- 

40 GuSrin; Serum institute Berne) are injected. 40 
After 12 days, the serum of each mouse is investigated for interferon neutralization activity. The 

serum of mouse No. 3 shows a 50% neutralization of 1 0 units/ml of IFL yia) at a dilution of 1 :72 000, 
but does not neutralize the same. concentration of crude IFL (< 0.1 % purity) even at a dilution of 1 :1 00. 
The mice No. 1 and No. 2 show neutralization three of Jess than 1 : 1 000 against IFL p(a). 
45 70 days after the second immunization mouse No. 3 receives on three successive days an 45 
Intraperitoneal booster Injection with a mixture of IFL or, /J and y containing approximately 50 /jg of 
Interferon and 1 5 fi\ of normal mouse sarum as the carrfer protein (in 0.2 ml of 0.15 M sodium chloride). 
48 hours after the last Injection the mouse is killed andthe spleen is removed for the preparation of the 
monoclonal antibodies. 



50 C) Cell cultures and cell fusions 

The following materials and media are used, iscove's modification of Dulbecco'e modified Eagle 
medium (IJV1DMEM) is obtainable from Gibco. It is made up freshly with sodium pyruvate (1 mrVl), 
glutamine (1.5 mM), 2-mercapto^thanol (5 x lO^M), penicillin (100 units/mi) and streptomycin 
(1 00 //c/rnl). Complete HAT medium consists of thus-completed IMDMEfl/3 as well as hypoxanthine 

55 [10^M),aminopterin (4 X 1<T 7 M), thymidine (1.5 x 10" 5 IVl)and 15%foetalcaif serum. A5Q%(w/V) 
solution of polyethyleneglycol 4000 (PEG 4000, Merck) in IMDMEM is prepared. 

The fusion with a non-producing azagua nine-resistant myeloma cell line is carried out, with small 
modifications, according to the method of StJhli et al. In J. Immunol. Methods 32, 297—304. In this 
fusion 48 x 1 0 8 nucleated spleen cells are fused with 25 x 1 0 s myeloma cells of the line FO (Fazekas 
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de St Groth and Scheidegger in J. Immunol. Methods 35, 1—25 (1 980). Tha spleen cells and myeloma 
cells are washed in serum -free IMDMEM. They are then re-suspended In the same medium, mixed in the 
above-mentioned ratio for the fusion and sedimented In 40 ml of serum-free IMDMEM In a 50 ml 
conical polypropylene test tube at 200 x g for 1 5 minutes, followed by complete sucking off of the 
5 supernatant. To the cell sediment there are added dropwlse with constant stirring 0.5 ml of 50% PEG 5 
4000 in order to re-suspend and to disperse the cells. After approximately 90 seconds, 1 0 ml of serum- 
free IMDMEM are added dropwlse at room temperature with constant stirring during 4 — 5 minutes. 
Afters further 1 5 minutes without stirring, large cell clumps are separated by cautious pipetting with a 
1 0 ml pipette. The fusion mixture is diluted to 250 mJ with complete HAT medium and then placed in 
1 0 240 "Coster cluster wells ( 1 mVwelll'', which already contain 1 ml of complete HAT medium and 1 0 s 10 
peritoneal mouse cells as the nutritive layer. The cultures are Incubated in a 5% C0j9b% air 
atmosphere at 85% humidity. The cultures are fed twice a week by replacing half of the medium 1 ml) 
with fresh HAT medium 

O) Detection of Interferon-Bpedftc hybridomas by a solid phase-antibody binding test (SABA) 

1 5 This method Is adapted from the principle described by Catt and Tregear [Science 158, 1 5 

1 570 — 1 672 (1 967)] and is suitable for the detection of hybridoma antibodies (see also StaWi et al in 
J. Immunol. Methods 32, 297 — 304 (1 980) as well as Kennet, R. H. In Current Topics in Microbiology 
and immunology, Vol. 81 , p. 77 — 9 1 (1 978). Interferon preparations of IFL a, 0, y and S are Individually 
diluted in polypropylene test tubes wfth phosphate-buffered sodium chloride solution (PBS) to an end 

20 concentration of approximately 0.2 to 0.5 fig InterferonAnl (approximately 1 — 3 fig total protein per ml; 20 
except for IFL d where approximately 1 0 — 1 5/xgof total protein are present per ml), in order to coat 
therewith polyvinyl chloride mlcrotftre plates (Cooke Laboratory Products Division, Dynatech 
Laboratories, Inc.) as In the case of Stahli et aL loc. clt 50 p\ of the Interferon solution is placed in each 
well and left for at least 4 hours at room temperature In a humid chamber or held at (sic) 4°C for several ' 

25 weeks. Before use the wells are filled wtih 3% bovine serum albumin (BSA) In PBS and left for 30 to 60 25 
minutes in order to block all protein binding positions. The plates are then washed tour times with PBS. 
50 fjl of supernatant of the hybridoma cultures are Incubated in in each case two wells for et least 4 
hours at room temperature. Control experiments (unspecific binding) are carried out on plates which are 
coated only with 3% BSA. After four-fold washing wfth PBS, there Is added to each well 50 fi\ of sheep- 

30 anti-mouse Ig-arrtibody (purified by affinity chromatography and iabeiied with 125 i; 50 COO to 1 00 000 30 
cpm per 20 to 30 ng of antibody in PBS containing 1 % BSA) end it is incubated at room temperature for 
at least 4 hours. The plates are washed four times to five times with PBS end then divided into the 
individual wells, which are then tested for radio-activity in a gamma-scintillation spectrometer 

E) Results 

35 a) Initial screening by antibody binding (SABA) against partially purified IFL fractions 35 
1 52 of the 240 cultures show growth of hybridomas. The supematants are tested for interferon- 
speclfic antibodies in the SABA test when the cultures are approximately 20 — 30% confluent (1 2 — 29 
days after the fusion). Antfoody binding is tested parallel with IFL a, IFL j3, IFL y and IFL S. Of the 1 52 
cultures, 1 3 supematants show high antibody binding against all four partially purified interferon 

40 preparations. The medium of four further hybridomas shows lower binding activity (3 — 4 times greater 40 
than unspecific binding) against all four interferon preparations. These cultures are discarded. The media 
of all other hybridomas (1 35 growing cultures) yield unspecific bindings against all four IFL 
preparations. Of the 1 3 specific hybridomas, 9 are characterized representative for the present 
invention. Their designation Is Li— 1, U— 2, LI — 3, LI— 6. U— 6, LI— 7, LI— 8, LI — 9 and LI— 12. 

45 As Is evident from Flgu re 1 , the antibody binding of the 9 specific hybridomas shows a different 45 
behaviour to the 4 partially purified interferon preparations. U — 1 , U — 2, U — 3, U — 5, U — 6, U — 7 and 
U — 8 show an identical characterization with the following binding sequence: IFL a < IFL S < IFL y < 
IFL £ For U— 9 the binding order Is IFL S < IFL y < IFL£ U— 12 fs different from ell others. 

b) Antibody binding (SABA) against highly purified leukocyte interferon 

50 Six purified (> 80% pure) Interferon species (see step 9 of Table 3 of DOS 29 47 1 34) are 50 

immobilized by adsorption on polyvinyl chloride mlcrotftre plates. In this case there are concerned IFL 
<*v <** ft and as wel! afi IFL — K of the cell line KG— 1 [Koeffier, HP. et aL Science 200, 
1 1 53 — 1 1 54 (1 978)], which is purified in analogy to the steps 1 to 9 of Table 3 of the mentioned DOS. 
Since no clear separation into individual species was to be observed in the steps 8 and 9 r the main 

55 fraction with the interferon activity was pooled. It accordingly represents a mixture of different species. 55 
The adsorption of interferon (50 filfper depression) is carried out overnight with approximately 0.5 fig of 
interferon and 2 pg of BSA per ml of PBS followed by blocking off of the protein binding positions with 
396 PBS as described previously. 

The anttoody binding wfth the culture medium of the 9 specific hybridomas against the 6 different, 

60 purified interferons Is shown in Figure 2. There can again be differentiated various groups of antibodies 60 
wfth different characteristic binding behaviour. The group 1 embraces the antibodies LI — 1 and U — 2, 
which have identical binding characteristics, but which do not recognize IFL y T The group 2 embraces 
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the antibodies U— 3, U— 5, L! — 8,JJ — 7 and LI— 8 with a possible differentiation of two sub-groups. 
Sub-group 2a (U— 3, LI — 5 and U— 8) shows overall higher binding (Figure 1 and Figure 2) than sub- 
group 2b (U— 7 and U— 8), whereby the latter sub-group binds relatively stronger to purified IFL and 
iFL— K than the first. According to the interferon binding behaviour of the remaining antibodies in 
5 accordance with Rgure 2 and Figure 3, U— 9 has the most characteristics of sub-group 2b, LI— 1 2 5 
appears, in turn, to be unique. 

Having regard to the fact of the high antibody binding to different purified interferons ft Is very 
unlikely that any of these antibodies was not directed against Interferon, but against contaminants. This 
is indicated for most of these antibodies also by the capability of neutralizing the biological activity of 
1 0 interferon. LI 1 , LI— 2, U— 3, U— 5, LI — 6, D— 7, LI— 8 and LI — 9 annul the inhibition of the viral 1 0 
CPE on MDBK cells induced by Interferon. The Interferon neutralization is tested with partially purified 
IFL y{a) and/or purified IFL — K, IFL y v IFL and crude leucocyte interferon. None of the antibodies was 
in a position to neutralize crude leucocyte interferon. U— 12 neutralized none of the tested interferons 
{see Table 1 for this). 



15 2) fsotypesofthe heavy and light chains of the monoclonal Interferon antibodies 15 
Monoclonal antibodies of hybridoma culture medium are firstly bound to Interferon-coated 
microtftre plates as has been described previously for the SABA test After washing, they are incubated 
with isotype-specific rabbit anti-mouse Ig antiserum (Nordic). For the detection there is used goat anti- 
rabbit IgG, which is labelled with horseradlsh-peroxidase. As the enzyme substrate there are used 2,2'- 
20 azino-dM3-ethyl-benzothlazonne sulphate) and hydrogen peroxide. The results are complied in Table 1 20 
second column. Seven of the tested antibodies have the Immunoglobulin chains y A one has y 2l A and 
one has /i/k. All seven yjk antibodies as well as also the yjk neutralize interferon, whereas the «/k 
does not neutralize interferon, as is likewise evident from Table 1. 

The ability of the antibodies according to the present invention to bind with high affinity to 
25 interferons obtained by recombinant DNA technology is evident from Table 8. ~ 25 

3) Cloning and stabilization of the mterferonspecffic hybridomas 

For the preparation of stable hybridoma lines, ail 9 specific hybridomas are cloned by limiting 
cfilution in microtitre plates with mouse-peritoneal cells as the nutritive layer [Hengartner H. et aL in 
Current Topics in Microbiology and Immunology, Vol. 81 , 92—99 (1 978)], The dontnn was beaun at 
30 the point in time of the transfer of the original cultures into flasks or shortly thereafter. The clones were 30 
tested against IFL /J with the SABA test The results of this first cloning of the 9 hybridomas is shown in 
Table 2. 

From each hybridoma there are intensively cultivated two to four strongly positive clones and not 
only injected Lp. into mice for ascites production but also frozen. In most cases the selected clones of a 
35 hybridoma are pooled for simplification and reduction of work. From all 9 hybridomas there Is obtained 35 
ascites liquor for the production of antibodies on a large scale. Ascites ceils are likewise transferred into 
cultures and frozen. 

4) Grouping of the antibodies according to their interactions with HU 

The main group of the seven hybridomas, which produce yjk immunoglobulin, can be divided 
40 into two groups on the basis of their antibody interaction with purified Interferons. The first group (U— 1 40 
and U— 2) does not recognize purified IFL y z , whereas the second group (LI— 3 and U— 5 to U— 8) 
recognizes IFL y T The relative, quantitative binding of the monoclonal antibodies to six different purified 
interferons (see Figure 2) and the difference between neutralizing and non-neutralizing antibodies yields 
Information for the differentiation of different epitopes (antigenic determinants) of HU and for the 
45 demonstration of structural differences between different purified interferons. From the binding 45 
behavlous of the antibodies (see Rgure 2) ft Is clear that U— 1 and LI — 2 recognize a different structure 
than all other antibodies and that IFL y, is structurally different from all other tested Interferons, since It 
does not exhibit the epitope recognized by LI— 1 and LI— 2. LI— 12, a non-neutralizing antibody, 
recognizes with approximately the same, although perhaps lower affinity, a less variable determinant 
50 which is present in all tested interferons. The results In respect of the antibody binding and of the 60 
interferon neutralization indicate that at least three different epitopes of HU can be recognized and 
defined by the collection of the monoclonal antibodies. 

EXAMPLE 2 

Determination of interferon 

55 1 ) Selection of a suitable pair of monoclonal anti-bodies 55 
_, For t* 10 differentiation between competitive binding of two antibodies to the same epitope and 
additive binding to various epitopes, the binding of the antibodies is tested along and in pairs and in all 
possible combinations to immobilized Interferon. Supernatants of confluent hybridoma cultures are 
An #™ oJw >Ut further P tJrific8tJ °n 88 antibody source. Partially purified leucocyte interferon 

VJ E 11 * ,FL " h 8dded In deffned amounts (0.1 to 0.2 ^g interferon/ml) to polyvinyl chloride 60 
microtitre plates as Is described In Example 1 for the SABA. The blocking off of aH protein binding 
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positions with 3% BSA follows. 60 ^1 of antibody solution consisting of in each case 25 pi of two 
culture supema tants or 2 x 25 pi of the same antibody are Incubated at room temperature for 7 hours. 
The plates are washed with PBS (0.01 M potassium phosphate, pH 7.3; 0.14 M sodium chloride) and 
Incubated for 5 hours with an excess of 125 l labelled sheep-anti-mouse-lg Immunoglobulin in a volume 
6 of 50 pi per well in order to measure the amount of monoclonal antibodies which are bound to 5 
interferon (T able 3). The binding of two antibodies is considered to be additive when the binding of 
these anti-bodies exceeds that with 50 pi of the higher binding individual antibody. On the basis of this 
criterion it was found that U — 1 binds addrtlveiy with almost all other antibodies and that U — 9 gives 
the best additive binding with LI — 1 . 

1 0 U — 1 a nd LI — 9 from ascites liquor are pu rffied according to standard methods, i.e. by a mmonlu m 10 
sulphate precipitation (50% saturation) and DEAE-cellulose chromatography, up to at least 90%, as 
assessed by sodium dodecyt sulpha te-polyacrylamlde gel electrophoresis. 20 pQ of each antibody are 
labelled with 125 l according to the chloramlne-T method to a specific activity of approximately 
20 pCMp%. Free iodine Is separated from labelled antibody by gel filtration on Sephadex 6 — 25 In the 

1 5 presence of PBS and 1 % BSA. 1 5 

Unl a belled antibodies LI — 1 and U — 8 to approximately 20 jig per ml of PBS are adsorbed 
overnight on PVC microtitre plates (Cooke Laboratory, Products Division, Dynatech Laboratories, Inc.) 
(1 00 /4/depresssion). During 30 to 60 minutes ail protein binding positions are blocked with 3% BSA in 
PBS. Purified leucocyte interferon of the KG — 1 myeloid cell line at a concentration of 10 units/100 jui of 

20 PBS and 1 % BSA are incubated together with one of the 12 *f labelled antibodies (1 .3 x 1 0 s cpm) in ' 20 
antibody-coated wells. Control wells contain labelled antibody, but no Interferon. After incubation for 3 
hours at room temperature, the liquor Is removed and the wells of the plates are washed four times with 
PBS and then tested for radioactivity in a gamma-scintillation spectrometer. The results are shown In 
Table 4, The combination of LI — 1 with U — 9 gives fntsrferorv-dependent sandwich-like antibody 

25 binding. The better combination Is immobilized U — 9 with labelled U — 1 in solution. For this reason the 25 
further experiments have been carried out with immobilized U — 9 end labelled U — 1 . 

a) One-step Incubation procedure 

Each well of a PVC mlcrotltre plate is coated with 100 pi of LI — 9 (15^g/mJinPBS) atroom 
temperature overnight or at 4°C for days or weeks In a humid chamber. Before use the solution of LI — 9 

30 is removed and the wells are filled with 396 BSA for 30 to 50 minutes and then washed four tirnss with 30 
PBS. Approximately 1 40 000 cpm of 136 l labelled LI — 1 (approximately 4 ng, specific activity 
approximately 20 pCl/pg) in 0.1 mi of PBS containing 1% BSA and 100 to 150 pg of human IgG per ml 
are added to each well. Correspondingly diluted interferon solutions (1 — 20 p\) are added to the well 
and mixed by brief shaking. After 2 to 3 hour incubation at room temperature, the liquor is poured on to 

35 absorption paper. The plate is washed four times to five times with PBS and the individual wells are 35 
tested for radioactivity in a gamma-scintillation spectrometer. In the case of high interferon 
concentrations (> ca. 5000 — 6000 U/ml) a partial inhibition occurs. The results obtained are 
reproduced in Figure 3 and Table 5. 

b) Two-step incubation procedure 

40 LI — 9 coated and BSA-satu rated PVC mlcrotitre plates are prepared as described previously. 50 pi 40 
per well of an interferon solution in PBS containing 1 % BSA are incubated at room temperature for 30 
minutes, whereupon the plates are washed four times with PBS. Thereupon, 50 pi of i2 *\ LI — 1 
(approximately 1 50 000 cpm/4 ng) PBS containing 1% BSA and 1 50 pg of human IgG per ml are added 
to each weO, whereupon the plates are held at room temperature for 2 hours and then washed four 

45 times with PBS and tested for radioactivity as mentioned above. The results obtained are reproduced in 45 
Figure 4. In contrast to the one-step procedure no partial inhibition at high interferon concentration Is 
seen. 

c) Determination of antivirai inactivated interferon 

Heat Inactivation of Interferon 

50 A solution of Interferon A (Goeddel et al. Nature Vol. 290, March 1 98 1 ) in Eagle's minimal 50 
essential medium containing 1 0% fetal bovine serum was diluted 1 :480 In phosphate-buffered saline 
(0.14 M NaCI, 8 mM Na^PO*, 1 .5 mM KH^O^ 3 mM KCt, 0.9 mM CaCI 2 , 0.5 mM MgCI 2 ) containing 1 
mg/ml of bovine serum albumin. The diluted solution contained Interferon A at a concentration of 5 
ng/ml. After heating at 65 °C for the times noted, samples of 0.1 4 ml were placed In an Ice bath until 

55 assayed. Both antiviral end Immunological assays were performed on the same day. From each 0. 1 4 ml 55 
sample, 0.1 0 ml was used for the radio-tmmunoassay and 10/ilf6r antiviral assay in duplicate. The 
radio Immuno assay is performed according to the two-step incubation procedure mentioned under b). 
The determination of the antiviral activity is performed according to the CPE-Inhibition Test. The results 
are given In figure 6. From this example one can gather thst the antibody pair LI — 1/U — 9 can 

60 distinguish between antiviral active and antiviral Inactive interferon. From figure 6 there is furthermore 60 
evident that the antiviral and the immune activity decrease simultaneously. 
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d) Highly sensitive Interferon determination In human plasma or serum (rad/ofmmune procedure) 

A single Incubation of 0.1 ml of 40% human plasma or serum (neutral pH) containing 
approximately 250 000 cpm (1 .5 ng) of 136 t U — 1 (specific activity 1 00 to 1 1 0 /tCi/pg U — 1 ) is carried 
out at room temperature for 1 4 to 1 6 hours tn P VC mlcrotitre plates, which are coated with U — 9 as 
5 described previously. After four-fold washing with PBS, the wells are numbered as mentioned 5 
previously. One experiment is carried out w!th Interferon, which is added to citrate plasma of a healthy 
volunteer. Each 0. 1 ml of PBS test mixture contains 40 /J of plasma, 1 .3 mg of 11S I U — 1 
(256 000 cpm) and different amounts of crude human leucocyte interferon (approximately 0.1% 
pure) from chronic myologous leukaemia cells. The results are re-pnoduced in Figure 5, where the 
10 amount of Interferon Is plotted as the abscissa. The incubation medium in accordance with step 1 of to 
Table 3 of DOS No. 29 47 1 34 is used as the crude leucocyte interferon. 

EXAMPLE 3 

Highly sensitive determination of Interferon In serum of patients (enzyme Immune procedure) 
Into the corresponding number of test tubes (1 0 x 75 mm) there are in each case pipetted 

1 5 0.05 ml of test solution (0.1 mold of sodium phosphate, pH 6.5 with 10 g/i of BSA and 0.5 itg/ml of 15 
monoclonal U — 1 antMnterferon-peraxIdase conjugate in interferon-free human serum) 02 ml of the 
patlenf s plasma to be analyzed or of the Interferon standard (0 U/ml, 1 2.5 U/ml, 25 U/mi and 50 U/ml 
of interferon) and of the interferon control serum (e.g. 30 U/ml of Interferon) Is admixed. In each case 
them is added a polystyrene bead (0 = 6.5 mm) coated with monoclonal U — 9 antHnterferon and 

20 Incubated at room temperature (1 8 — 20°C) for 1 6 hours. Subsequently, the polystyrene bead are 20 
washed three times with In each case 2 to 5 ml of distilled water, transferred into in each case 0.5 ml of 
substrate buffer for the determination of the activity of the peroxidase (0.1 moi/l of potassium citrate 
buffer of pH 5.0 with 6 mmotf of H a O a and 20 mmol/l of o-phenylenediamine) and incubated at room 
temperature (1 8 — 26°C) for 30 minutes. In order to stop the peroxidase activity as well as to intensify 

25 the light absorption, 0.5 ml of 4 N HCI are admixed and within 30 minutes the extinction Is measured 25 
photometrically at the wavelength 492 nrru In the Table there are presented the values of an interferon 
determination and compared with the values which have been obtained with the interferon standard. 
Crude leucocyte interferon (incubation medium In accordance with step 1 of Table 3 of DOS 29 47 134) 
is used as the interferon sta ndard. 



TABLE 



Sample material 


AE 492 nm/RT/30 min. 


Interferon standard 




0 U/ml Interferon 


0.085/0.070 


12.5 U/ml lf 


0.248/0.235 


25 U/ml „ 


0.425/0.430 


50 U/ml „ | 


0.775/0.790 


Control serum (30 U/ml interferon) 


0.605/0.490 


Patient's plasma 




No 8327 


0 U/ml Interferon 


No 8328 


0 U/ml Interferon 


No 8336 


9 U/ml interferon 


No 8338 


0 U/ml Interferon 


No 8339 


5 U/ml Interferon 


No 8363 


0 U/mi Interferon 


No 8341 


2 U/ml interferon 


No 8344 


16 U/ml Interferon 



j 
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EXAMPLE 4 

Purification of leucocyte Interferon obtained by recombinant DNA technology (Interferon A, c.f. Goeddel 
et at. Nature, vol. 20, March 1 981 ). 

a) Pre-purifkation of the human leucocyte interferon obtained by recombinant DNA technology 
g All steps are carried out 4°C. Frozen bacteria cells (1 kg) are broken up by pressure dis'mtlgratiqn. 5 

The extract Is worked up according to the standard method, I.e. by polyethyteneimlne (Potymtn P) and 
ammonium sulphate precipitation, followed by a dialysis of the 85% ammonium sulphate precipitate 
against 25 mMTrisHCI, pH 7.8; 0.01 96 thiodiglycol; 0.1% Triton X— 100; 10 fM phenyl fluoride. A 
centrif ugatlon follows for the removal of Insoluble constituents. 

1@ b) Preparations of the imm unoedsorbent H 0 

In analogy to Example 2, purified antibody solution containing Li— 8 is dialyzed at room 
temperature against 0.2 M sodium carbonate/0.3 sodium chloride buffer. The dialyzed solution is 
centrifuged a* 20 000 x g for 1 5 minutes In order to remove insoluble material. The protein 
concentration is adjusted to about 25 mg/ml with the above-mentioned buffer. Affi-gel 10 (BioRad 

1 g Laboratories, Richmond, California) is washed three times with Ice-cold isopropanol on a sintered glass ^ 5 
filter and then washed three times with Ice-cold distilled water. The gel Is transferred into plastic test 
tubes'and sedlmented by brief centrifugation. The supernatant is sucked off. The gel is mixed with an 
equal volume of purified antibody solution and rotated head over foot at 4°C for 5 hours. After the 
reaction, the gel is centrifuged and then washed twice with buffer (0.1 M NaHCO^O.1 5 M NaCl) In order 

20 to remove unbound antibody. Protein determination of the combined wash-water shows that about 20 
24 mg of antibody were bound per ml of gel. 

c) Affinity-chromatographlcal purification of the pre-purified leucocyte Interferon obtained by re- 
combinant DNA technology 

The solution obtained In step a) 1700 ml containing 37 g of protein) is placed at 50 m vh on the 

25 Immuno-absorbsnt column (2.5 x 3.5 cm); 1 7 ml bed volume containing about 400 mg of purified 25 
monoclonal antibody U— 8) equilibrated with PBS. The column is washed with 20 column volumes of 
buffer (0.5 M NaCl; 0.02 M Tris. Ha, pH 7.5; 0.2% Triton X— 1 00), then the column is washed with 5 
column volumes of 0.1 5 M NaCl 0. 1 % Triton X— 1 00 and then sluted with 0,2 M acetic acid 0.15 M 
NaCl, 0.1%Triton X— 100 (pH 2.5).TTie interferon activity Iseluted in about 30 ml in an average 

30 concentration of approximately 1 mg proteln/ml. This solution Is adjusted to pH 4.5 with 1 M Tris base 30 
and diluted four-fold with water. The sample Is loaded on to a carboxymethylcellulose (CM 52 
Whatman) column (13x3 cm), which is equilibrated with 0.1 M ammonium acetate (pH 5.0). The 
column is washed with 20 ml of 0.1 M ammonium acetate (pH 6.0) and the interferon Is eluted with 
20 ml of 0.5 M ammonium acetate (pH 5.0). The result of the purification is reproduced in Table 7. 

35 Interferon A can be purified In a similar manner and with a comparable yield with the antibodies 35 

U— 3, LI— 5, LI— 6, U— 7 and U— 9. 

TABLE 1 



Epitope 



Monoclonal 
antibody 



Isotypes 



III 



LI-1 
LI-2 

LW 
LK5 

LI-7 
LI-8 
Lh-9 

LI-12 



IgG 



Chains 



y f /k 



Neutralization 



Yes 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

No 
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TABLE 2 



Culture 


Cells per 
96 'Veils 1 ' 


i ooi«u cionss 
or ' •wells" 


Number 
positive 


Number 
negative 


LI-1 


100 


6 


6 


0 




100 


11 


6 


5 


Ll-3 




7 


7 


0 


LI-5 


100 




13 


0 


U-6 


100 


lo 


12 


0 


Ll-7 


100 


10 


0 


2 


Lh-8 


100 


9 


8 


1 


LI-9 


100 


10 


8 


2 


LM2 


100 


4 


0 


4 


Lf-12 


300 


48 


6 


42 



TABLE 3 




TABLE 4 



Antibody combination 


125 l labelled 


antibody binding (com) 


Solid phase 
antibody 


125 l labelled 
antibody 


with Interferon 
(10 U) 


without 
interferon 


specific 
binding 


LI-1 


Ll-9 


922 


440 


482 


LI-9 


LI— 1 


2465 


261 


2208 
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TABLE S 



Interferon species 


Interferon units 
per determination 


CPM[ 125 UL|~1 
binding 


«1 


100 


2,202 


*2 


lull 


1,533 


n 


100 


822 


H 
■ t» 


100 


8,135 




100 


70 


V- 


mn 


f ,Uoo 


72 


100 


4.604 


?3 


100 


101 


^4 


100 


108 


^5 


100 


121 


5 


100 


5,498 



TABLE 6 
Antibody 

Interferon LI-1 LI-3 LM LM U-7 LI-8 LI-9 

A + + + + 

B + 

D + + + 

F - 



Legend: 

The interferons designated es A — F are those obtained by the DIVA recombinant technology and 
5 described in the publication of David V. Goeddei et al- fn Nature VoL 290, March 1981. A + designates 5 
that a given Interferon was completely absorbed, a + partially absorbed and a — not absorbed by the 
columns loaded with the respective antibody. 



+ + + 

+ + + 

± 
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3 
8 



> 


i S 5 


Purification 
factor 


1.0 

1150 

1500 


Specific 
activity 
(unite/ mg) 


2 r ° 

x co x 

CM CM CO 


Total 
activity 
(unite) 


*" 2> b 
x " 2 

^ X x 
h- f-» CO 


Total Protein 
(mg) 


f 8 S3 


Volume 
(ml) 


8 8 S 


o. 

S 

CO 


Ammonium sulphate 
precipitation 

Antibody column 
pool 

CM-52 



i 

8$ 

■g » 

8 o. 

CO ay 



5 

i- 00 

cd -o 
«S a 

'I 
ll • 

2 co S» 

IP 
sit 



lis 

iu-2 2 

o CO 

III 



o o — 

*2 8 

lis 

6 SO 
3 >•» 

Sf o 
* c3 ™ 

^ 09 O 

o §< 

Hi 

in 
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CLAIMS 

1 . Collection of monoclonal antibodies, characterized in that its members are directed against 
human leucocyte Interferon (H LI) which is natural or obtained by recombinant DN A technology. 

2. Collection according to claim 1 , characterized In that the monoclonal antibodies are secreted by 

5 different hybrtdomas. 5 

3. Collection according to claim 1 , characterized In that It consists of groups of antibodies, which 
differ from one another In their isotypes. 

4. Collection according to claim 2, characterized In that 8 antibodies are of IgG Isotype and one 
antibody is of IgM Isotype. 

10 5. Collection according to claim 3, characterized in that of the 8 antibodies with IgG type 7 have a 10 

y A heavy chain and one has a y^ heavy chain. 

6. Collection according to claim 1 , characterized In that Individual monoclonal antibodies are not 
mutually Inhibiting, La. bind together to HU, while others are mutually inhibiting, i.e. do not bind 
together to HLL 

1 5 7. Collection accord Ing to clafm 6, characterized In that it consists of groups of antibodies, 1 5 

members of which recognize different epitopes (antigenic detent 

8. Collection according to claim 1 , characterized In that at least one antibody from the collection 
does not recognize HU y r 

9. Collection according to claim 2, characterized In that one antibody (IgM) does not neutralize the 
20 antiviral activity of HU. 20 

I Ol Use of (n each case one member from different groups of antibodies in accordance with claim 
7 for a solid phase-sandwich test for HU. 

I I ♦ Use according to claim 1 0 r characterized in that the non-Immobilized antibody Is labelled with 
radio-activity or an enzyme. 

25 . 1 2. Use of an antibody in accordance with the collection of claim 1 for the purification of HLI 25 
which is natural or obtained by recombinant DNA technology. 

1 3. A process for the purification of natural HU or HU obtained by recombinant DNA technology, 
characterized In thBt a HU containing raw material Is purified by affinity chromatography using a 
monoclonal antibody of the collection according to any one of claims 1 — 9. 
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1234 1234 1234 1234 1234 1234 1234 1234 1234 
Ll-1 l>2 Lh3 Lh5 LI-6 LI-7 LI-9 LH2 



1 - IFL a. cpm «= specific binding per test 

2 • IFL $ (after deduction of 300^400 cpm 

3 « IFL / of non-specific binding against 
A » IFL i BSA; LH2 non-specific binding 

about 1200 cpm) 



FIG.1 
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1 * IFL cCy cpm » specific binding per test 



2 » IFL cCj 

3 - IFL /5 2 
A « IFL Y 2 

5 « IFL Y3 

6 = IFL K 



(after deduction of 300-400 cpm 
of non-specific binding against 
BSA;LH2 non-specific binding 
about 1200 cpm) 



FIG. 2 
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FIG. 3 




INTERFERON (units/IOOut) 

cpnv. 12 ^I-LI-1 bound per test; interferon concentration 
(abscissa) Is plotted logarithmic for the main curve 

( •— • ) and plotted linear for the curve 
( • — • ) inserted on the left. 
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FIG. 4 



60 




INTERFERON (units/50>il) 

cpm: ^5j4j_^ bound per test; interferon concentration 

(abscissa) is plotted logarithmic for the main curve 

( «— • ) and plotted linear for the curve 
( . — . ) inserted on the left. 
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FIG. 5 



INTERFERON (pg/ 100 jjI) 
10 15 20 25 30 



35 




2 4 6 8 10 12 14 
INTERFERON (units/IOOjuO 



cpm: see FIG. 3, inserted curve. 
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FIG. 6 




minutes at 65° C 



legend O - radio immuno assay 
• = CPE inhibition test 
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